Abstract: Edwardsiella tarda (Paracolobactrum anguillimortiferum) and Pseudomonas anguil liseptica are important pathogens of pond-cultured eels in Japan. Recent investigations on their taxonomy, modes of pathogenesis, and sources are reviewed. Pesudomonas chlororaphis was recently isolated from diseased fry of Amago trout, and this bacterium was proved to be patho genic to fish. "Branchionephritis" is a malignant coldwater disease of pond-cultured eels. Its causative agent is still unknown, though flexibacteria are occasionally isolated from the gills of diseased eels.
Although Japan occupies a very high posi tion in the world as regards her ocean fishing industry, the fish culture industry has also continued to flourish markedly in Japan, for the Japanese as a nation are a fish-eating people and appreciate highly cultured fishes. In recent years the anual production of cultured fishes, marine and freshwater, amounts to some 120,000 tons. Some of the principal cultured fishes of freshwater origin are carp, eels, rainbow trout, and Ayu (Plecoglossus altivelis) and those of marine culture are yellow tails and sea breams. All these fishes are cultured by extremely intensive methods.
Fish pathology is relatively youthful in Japan, but is currently in a period of very rapid expansion. Important informations concerning various aspects of fish diseases, in particular bacterial diseases, have been ac cumulated and it could be said that most of the findings of Japanese research workers on bac terial diseases of yellow tails and their causative agents; viz., members of the genera Vibrio and Pseudomonas, Nocardia kampachi, Pasteu rella piscicida and Streptococcus sp. are unique in the world. As regards freshwater fish diseases too, a great deal of new knowledge as to not only well-known diseases but also those newly found in Japan have been added. This paper describes some of our relatively new research findings on bacterial diseases of freshwater fishes in Japan. The present paper does not make any attempt to mention bacterial diseases of yellow tails because it is felt that they may not be of interest to foreign fishery pathobiologists.
Edwardsiellosis of eel
Red disease of pond-cultured eels was studied in detail by Hoshina (Hoshina, 1962b) . He stated in his report that the disease is caused by Aeromonas hydrophila (speciated by Hoshina as A. punctata), Paracolobactrum anguillimortiferum, which was discovered and described by him (Hoshina, 1962a) , or pos sibly by a combined attack of the two. He made a detailed description of the symptoms and pathology of the disease from his view point that P. anguillimortiferum causes symp toms and pathology which are indistinguisha ble from those caused by A. hydrophila.
The genus Paracolobactrum is no longer recognized and it was impossible to reexamine the classification of the bacterium named P. anguillimortiferum, because the original cul tures isolated by Hoshina have been lost.
For the past several years we have carried out investigations on bacterial diseases of eels cultured in farm ponds in the Yoshida area, Shizuoka Prefecture, which is generally con sidered as the representative eel culturing area in Japan. A gram negative, peritrichously flagellated bacterium was isolated as the causative agent from the kidneys, livers, and blood of all the diseased eels without exception. On the basis of its morphological and biochemical chara cteristics the bacterium was identified as Edwardsiella tarda (Wakabayashi and Egusa , 1973 a) .
The description of morphological and bio chemical properties of P. anguillimortiferum given by Hoshina are identical with those of E. tarda isolated by us from eels. Therefore P. anguillimortiferum can be taken as a synonym for E. tarda. However, E. tarda was proposed by Ewing et al in 1965 as a new genus and species (Ewing et al, 1965) , while P. anguillimortiferum was already described by Hoshina in 1962. It appears therefore that the specific epithet anguillimortiferum has priority over tarda (Wakabayashi and Egusa, 1973 b) .
In relation to this Sakazaki and Tamura (1975) recently proposed the new combination Edwardsiella anguillimortifera .
The pathogenicity of E. tarda to eels is defini tely different from that of Aeromonas hydro phila (unpublished). The organ which is most susceptible to this bacterium is the kidney. Focal infection occurs in various parts of the kidney, mainly in the hematopoietic tissue. The affected kidney is swollen and enlarged. The foci develop into absess and then into small or large cavities or ulcers filled with dark red puruloid matters emitting a foul odor. Most of the eels with the disease show bloody congestion of the anal fin and ecchymo ses and petechiae on various parts of the body surface, especially the belly. Their gross appearance bears a close resemblance to that observed in red disease caused by A. hydrophila. We have estimated from inoculation experi ments, using viable and killed cells of E . tarda, that the bacterium fails to produce hemorrhagic toxins.
It is a well known fact that A. hydrophila produces hemorrhagic toxins (Liu, 1961; Shimizu, 1969a, b, c) . The above-mentioned congestion and hemorrhage in edwardsiellosis of eels may probably be due to poisonous agents produced in the process of decomposition of tissue protein by bacteria.
Edwardsiellosis of eel breaks out with high incidences every year in farm ponds in the Yoshida area (Wakabayashi and Egusa, 1973b) , but is uncommon in other eel-culturing areas. Recently, however, E. tarda was reported to be isolated from eels in farm ponds in Aichi Prefecture adjacent to Shizuoka Prefecture (Uno and Muroga, 1974) .
The source of E. tarda which infects pond -cultured eels in the Yoshida area has not been made clear. Fecal contamination from human or other naimals including birds abundant in the area could perhaps be considered as the source. It seems, however, that the bacterium could have become settled in eel farm ponds there a long time ago and the eels themselves now act as carriers of the bacterium. While E. tarda is hardly found in pond water free from diseased eels (Kou, 1971; Aoki and Watanabe, 1973) . Edwardsiellosis is not known to have been associated with other cultured fishes in Japan, though there is one single record where the bacterium or closely related bacteria have been isolated from goldfish (Kou and Egusa, 1968) . Only recently, however, an outbreak of the disease among wild mullets was observed in Okitsu Bay, Kochi Prefecture (Kusuda, pers. comm.). As is well known in the U. S. A., edwardsiellosis is observed in cultured channel catfish (Meyer and Bullock, 1973) and wild largemouth bass (White et al, 1973) . Symp toms of the disease in these fishes are consid erably different from those in eels.
E. tarda has also been isolated from various homoiothermal animals and there has been much discussion concerning pathogenicity of this organism to them (Sakazaki, 1967; Bockemuhl et al, 1971; White et al, 1973; Owens et al, 1974) . Hoshina (1962b) showed that one of his isolates killed mice when inject ed intraperitoneally, though not pathogenic to mice when administered per os. We ascer tained that some strains from human killed eels when injected intramuscularly or intra peritoneally.
Red spot disease of eel caused by
Pseudomonas anguilliseptica
Epizootics of a most fatal disease which had not been known before broke out among eels in farm ponds in Tokushima, Mie, and Shizuoka Prefectures in the early summer of 1971. The disease was characterized by sub epidermal petechiae on the body surface, which abruptly appeared in a large number in far advanced stages of the disease. The disease was named "red spot disease" in recognition of this most conspicuous external symptom. (Muroga, et al, 1973) . One of the marked characteristics of the bacterium is that it primarily invades and affects the wall tissues of the circulatory organs (unpublished). The affected tissues are in flamed markedly. As a result the heart is functionally disordered and blood vessels, especially peripheral ones, lose their elasticity and become fragile, thereby leading to systemic hemorrhage. It is interesting to note that in this disease petechiae on the body surface are formed not only in the dermis but also in the epidermis, in contrast to red disease caused by A. hydrophila where hemorrhages occur Mainly in the dermis itself.
Bacteria grown in the wall tissues of the heart and blood vessels invade and persist in the blood stream. The amount of the bacterial cells in the blood stream can reach 107 to 108 cells per ml of blood in advanced stages (Muroga, et al, 1975) .
It was shown by experiments that Ayu, bluegill, Japanese weather fish, carp, crucian carp, and glodfish are susceptible to the disease (Muroga, et al, 1975) , but natural infections of these fishes with this bacterium have not been known as yet. The source of the bacteri um is unknown. While it is a generally ac cepted view that the place of origin of red spot disease is eel-culturing areas of Tokushima Prefecture, where the disease was detected first and, as compared with other areas, epizootics of it have been most severe every year since 1971. Accordingly some brakish water or salt water aquatic animals in the Tokushima area are suspected • to be the source of the bacterium.
Pseudomonas chlororaphis as a fish pathogen
Only recently a high mortality has occurred among advanced fry of Amago trout, On chorhynchus rhodurus, reared at a trout farm in Yamanashi Prefecture.
In moribund fish the abdomen becomes distended with ascitic fluid and hemorrhagic areas occurs in various parts of the body.
Although etiological and pat ho logical studies are now in progress, the follow ing up-to-date information has been obtained (Hatai, et al., 1975) . A and B "Glomerulnephrosis" and hyaline droplet degeneration of tubules.
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. EGUSA ed gills. Microscopic examination of gills showed marked hyperplasia of gill epithelium on the lamelae, and fusing and clubbing of lamelae (Fig. 1) . In the visceral organs remarkable histopathological changes were observed in the kidney; viz., "glomerulo nephrosis" and cloudy swelling and hyaline droplet degeneration of tubules (Fig. 2) . Although the disease spreaded in most cases in a manner resembling an infectious disease, bacteria, fungi, and other parasites which were thought to be responsible for the disease were not detected. A tentative name "bran chionephritis", therefore, was given to the condition (Egusa, 1970) .1
On the other hand the Hamana Branch of the Shizuoka Prefectural Fisheries Experi mental Station (hereinafter referred to as HBSFES) found out that plasma Cl con centration decreased remarkably in diseased eels. Plasma concentration of Cl is roughly 110 to 130 mEq/l in healthy eels from winter to spring. On the contrary plasma Cl levels were lower than 50 mEq/l in most di seased eels and even below 30 mEq/l in extreme cases (Fig. 3) (Anonymous, 1971) . Besides, Mr. Nishio of the Yoshida Eel Culture Labora tory (YECL) demonstrated that the mortality from the disease could be evidently lowered by distributing rock salt in the farm pond so as to give a final concentration of about 0.7 salinity. This salt treatment method has been widely and effectively used since then (Anony mous, 1975) .
This disease has prevailed every year since 1969, causing very serious damage to the eel culturing industry in Shizuoka Prefecture. Nevertheless the cause of the disease has not yet been made clear and, in addition, there are still some doubts even about the nature and course of the disease. Investigations made in (Redrawn from HBSFES report (Anonymous, 1971)) later periods showed that there were many cases in which pathological changes of the kidney were not prominent (Table 1 ). In particular an investigation made in the winter of 1975 showed that in all diseased eels examin ed crubbing of gill lamelae was remarkable, while marked "glomerulonephrois" was ob served in about one-fifty of them and slight hyaline droplet degeneration of tubules in only one-tenth. In some of the diseased fishes congestion, focal degeneration and necrosis and cellular infiltration of tissues around blood vessels are noticed in the liver. These changes in the liver, however, are not regarded as symptoms peculiar to this disease, because their incidence in the disease is rather low and they are also observed with other infectious diseases of eels. Significant pathological alterations are noted neither in the pancreas nor in the digestive tract.
There is a widespread opinion that as the disease progresses to severe conditions the trunk becomes somewhat stiff, the belly be comes depressed along a median line, and the skin of the ventral side of the trunk is tinged red due to capillary congestion. There is no conclusive evidence at present, however, that these symptoms are peculiar to "branchione phritis".
The fact that plasma Cl decreases in con centration and hematocrit value and plasma protein levels are elevated in diseased eels has 1 Susequent studies have revealed that in almost all the diseased fish there is no outstanding inflammatory cellular infiltration in kidney lesions. Accordingly the term "branchionephritis" is a misnomer . The diseass will have to be renamed when its etiology is clarified. been confirmed by repeated investigations (Anonymous, 1972; Egusa, et al., 1971) . In addition, it has been demonstrated that plasma Na+ and Mg+ + are decreased, while plasma K+ and Ca+ + are somewhat increased in diseased fish (Fig. 4) . No cor relation can be found among changes in plasma concentration of these ions (Fig. 5) . The mechanisms of these complex changes are difficult to explain, though it has been known that similar changes can be produced by physi ological stress (Stanley and Colby, 1971; Wedemeyer, 1972) . At the present time the diagnosis of this disease is made on the basis of low plasma concentrations of Cl-, pathological changes of gills, viz., hyperplasia of lamellar epithelium, fusing and crubbing of lamellae.
The problem of whether or not any relation ship exists between gill pathology and decline of plasma Cl-concentration remains unsettled. In relation to this problem HBSFES found an interesting fact that in the eels placed for a week in distilled water added with Zn+ + (zinc acetate) at 0.2 ppm and Cu + + (copper sulfate) at 0.26 ppm the gill lamelae crubbed markedly and plasma concentration of Clwas lowered to about 50 mEq/l, but no definite pathological changes occurred in the kidney (Anonymous, 1975) .
It has been reported for juvenile rainbow trout that when they are exposed to formalin at 200 ppm hypertrophy and epithelial separa tion occur in the gill epithelium within a short period of time and at the same time plasma Cl is markedly decreased in concentration probably due to dysfunction of lamellar epithelium active transport (Wedemeyer, 1971; Wedemeyer and Yasutake, 1974) .
These findings seem to support the view that the decrease in plasma Cl concentration in "branchionephritis" may be attributed to the changes in gill tissues. It is true, however, that there are often found eels whose plasma Cl -declined markedly in spite of the soundness of their gills as is seen in Figure 4 . This fact FIGURE 4. Plasma concentrations of Cl-, Na+, K+, Mg+ +, and Ca+ +, and intensity of lesions of the gills in eels.
For description of the gill conditions A, B, C, and D see Table 1 . (Egusa et al., 1971) may deny the above-mentioned view. It is worthy of notice that in most cases plasma concentration of Cl is elevated to the normal level rapidly after salt treatment, though lesions of the gills show no tendency to heal for a long time. This fact suggests that loss of plasma Cl and/or unbalance of plasma ions is not a factor inducing pathological changes in gills.
The pathological changes of gill tissues in this disease closely resemble in various as pects those of bacterial gill disease. Observa tions of histological sections of gills from diseased eels in various stages revealed that in mild cases masses of flexibacteria-like organi sms are occasionally found on gill lamellae, and in advanced cases materials which are suspected to be remnants of the organisms often exist in narrow spaces left by the fusing of lamellae.
To study the possible role of flexibacteria in the disease, attempts were made to isolate and identify the flexibacteria. As a result a type of flexibacteria was dominantly isolated from diseased eel's gills (Wakabayashi and Egusa, 1974) . From its morphological and biochemical characteristics the bacterium was thought to be identical with or closely related to the species isolated from salmonids with bacterial gill disease in U. S. A. (Pacha and Porter, 1968; Bullock, 1972) .
On the other hand the occurrence rate of eels carrying the bacterium on their gills was investigated throughout the year in several farm ponds in the Yoshida area. The results of the investigation showed that the bacterium can be isolated from eels at all seasons of the year except midsummer, and the percentage of eels bearing the bacterium was highest from autumn to winter (Table 2) (Wakabayashi and Egusa, 1975) .
Attempts to infect healthy eels under good environmental conditions, using pure cultures of the bacterium, were unsuccessful in most cases, but in part of the experiments experi mental animals showed masses of the bacteria growing on gill lamellae and pathological changes in gill tissues similar to those observed occasionally in naturally occurring diseased eels, and died (Wakabayashi and Egusa, 1974) . This result suggests that bacterial gill disease can occur among eels. At present, however, the question of whether or not the infection of Wakabayashi and Egusa (1975) . the flexibacteria is the primary cause of "bran chionephritis" is not clear.
The difficulty of ascribing "branchione phritis" to any bacteria other than the flexi bacteria in question suggested that a viral etiology should be considered. Attempts were made, without success, to infect eels by intraperitoneal inoculation of homogenates themselves and their filtrates from kidney, liver and gill tissues of diseased eels (unpubli shed).
Recently Sano succeeded by using RTG2 cells in isolating a virus which is infectious to eels from eels with symptoms indistinguisha ble from those of "branchionephritis". Eels inoculated with the virus showed pathological changes in kidney tissues but not in gill tissues and died. He named the condition "viral kidney disease". The details of his studies will be presented by himself at this seminar (Sano, 1976 There can be no doubt, however, elucidation of the etiology of "branchionephritis" depends much upon the progress of Sano's study.
It goes without saying, on the other hand, that much attention must be directed to the effect of chronic stress and physiological disturbance on the eels in ponds during the wintering period.
